Although cyanides are present in small concentrations in plants and micro-organisms, 1,2 their large-scale presence in the environment is attributed to human activities, because cyanide compounds are extensively used in industry. The cyanides are widely used in electroplating, in precious metal refining, the manufacture of organic chemicals and in many other processes.
The analytical considerations are important for cyanides, because these easily form complexes with many materials. 4, 5 Cyanides form complexes with different affinities. Complex cyanide is generally less toxic, while free cyanide is the most toxic of all the cyanide species. 5 In wastewater, the total cyanide, which includes both complexed and uncomplexed forms of cyanide, is analyzed by the standard distillation method. 4 Spectrophotometric methods [6] [7] [8] for the determination of cyanide are far more superior to the other methods, such as titrimetric, 9 polarographic, 10 fluorometric 11 and chromatographic techniques. 12 A trace amount of cyanide is often determined by spectrophotometry by the pyridine-benzidine method of Aldridge, 6 the pyridine-pyrazolone method of Epstein, 7 the pyridine-barbituric acid method of Asmus and Garschagen 13 and the pyridine-p-phenylenediamine method of Bark and Higson. 8 However, these methods have certain drawbacks, such as the carcinogenic properties of benzidine, the instability of the pyridine-pyrazolone reagent, the slow color development in the pyridine-p-phenylenediamine method and the rapid fading of color in the pyridine-barbituric acid method. 14 Most of the methods suffer from a narrow range of determination, 15 lengthy procedures 16, 17 and interference by common ions. 18 Ninhydrin (NH) was first discovered in 1910, and has established itself as an important analytical tool in the fields of chemistry, biochemistry and forensic science. 19 It has been used for the detection of amino acids 20 and amines for almost fifty years. Ninhydrin is also known as triketohydrindene hydrate, Rumen's reagent or, more systematically, as 2,2-dihydroxy-1,3-indanedione.
In this work, a simple and sensitive spectrophotometric method was developed for the trace determination of cyanide in industrial wastewater, based on the reaction between cyanide and ninhydrin in an alkaline medium. The experimental variables affecting color formation and the possible interference of co-existing ions were thoroughly studied. The optimum conditions established were incorporated in the recommended procedure, which was applied to determine cyanide in environmental samples.
Experimental

Instrument
A JASCO Model UVIDEC-610 spectrophotometer with 1.0 cm matched cells was used for electronic spectral measurements. A systronics type 355-pH meter was employed for pH measurements.
Reagents
All chemicals used were of analytical reagent grade from BDH and Merck. Double-distilled water was used throughout the experiments. A standard solution of cyanide was prepared by dissolving an amount of 0.626 g of potassium cyanide in water in a 250 cm 3 The high toxicity of the cyanide ion at low concentration necessitates its analysis in a variety of environmental samples with a very low cyanide content. A new sensitive spectrophotometric method has been developed for the trace determination of cyanide with ninhydrin (NH) in an alkaline medium. Beer's law is obeyed in the range of cyanide concentration 0.04 -0.24 µg cm -3 , and the molar absorptivity at 590 nm is 2.20 × 10 5 dm 3 mol -1 cm -1 . The Sandell's sensitivity of the product is 0.000118 µg cm construct a calibration curve. An aqueous solution of 1% ninhydrin, 5% sodium carbonate and 2.5 mol dm -3 sodium hydroxide was prepared in water.
Recommended procedure
An aliquot of a sample solution containing 1.0 -6.0 µg of cyanide was transferred into a series of 25 cm 3 calibrated flasks, to which 4 ml of 1% ninhydrin and 4 ml of 5% sodium carbonate were added; the solution was kept aside with occasional shaking for about 30 min for completion of the reaction to give a deep-red color, and then diluted to the mark with 2.5 mol dm -3 sodium hydroxide. The deep-blue color, which developed instantaneously, was stable for 30 min. The absorbance was measured at 590 nm against a reagent blank prepared in the same manner, but containing no cyanide, and a calibration graph was constructed.
Sample preparation
Water samples taken for the determination of cyanide from different electro-plating industry were collected in glass or polyethylene bottles, and a known volume of sample was analyzed by the above procedure.
Samples with high concentrations of cyanide were diluted appropriately before the reaction. The maximum volume of water sample taken for the analysis was 1 cm 3 .
Results and Discussion
Spectral characteristics of the colored product
Ninhydrin reacts with cyanide in an aqueous medium to form hydrindantin, which decomposes in the presence of sodium carbonate to give a red-colored product which has a maximum absorbance at 490 nm. When sodium hydroxide was added to the red-colored solution, an intense blue-colored product was obtained with a strong bathochromic shift of 490 nm to 590 nm with increased intensity. Hence, 590 nm was used for all subsequent measurements. The absorption spectra of this product and the reagent blank are shown in Fig. 1 . When ninhydrin was added to a sodium carbonate solution, it gave a yellow color. This yellow color disappeared after adding sodium hydroxide. Hence, the absorption spectrum of the bluecolored product was taken against a colorless reagent blank, and the spectrum of red-colored product was taken against a yellowcolored reagent blank for comparison purposes. The optical characteristics and the precision data are given in Table 1 .
Optimization of reaction conditions
The effect of ninhydrin was studied by using a fixed cyanide concentration. It was found that a 1% concentration of ninhydrin in the range of 1 -6 cm 3 was necessary for achieving the maximum color intensity. Hence, 4 cm 3 of ninhydrin was selected for further studies. Various volumes of 5% sodium carbonate were tried, and the best results were obtained at between 1 -10 cm 3 of sodium carbonate. Below 1.0 cm 3 the formation of red color intensity decreased. Therefore, 4 cm 3 of 5% sodium carbonate was selected for further studies. A similar experiment was carried out in which the sodium hydroxide concentration was varied over the range of 1 -5 mol dm -3 ; 2.5 mol dm -3 of sodium hydroxide was found to give the maximum color intensity and stability of the product.
Reaction mechanism
Ninhydrin (I) reacts with cyanide in a neutral aqueous medium to form colorless hydrindantin (II). This hydrindantin gives a stable deep-red color in a sodium carbonate medium, Table 2 Effect of diverse species on the determination of 0.12 µg cm -3 of cyanide a. Can be masked up to 40 µg cm -3 by the addition of 1 ml of 5% EDTA.
which turns to a deep-blue color in an aqueous sodium hydroxide medium. The red (III) and blue (IV and V) color of hydrindantin were attributed to two anionic forms of 2-hydroxy-1,3-indanedione, the monovalent ion of the enolic form being responsible for the red color and the two possible divalent ions for the blue color. The red color is formed in the pH range 8 -12, and turns to blue color in the pH range 12 -12.8. In this reaction, cyanide ion can act as a specific base catalyst. A reaction scheme based on the above information is shown in Scheme 1.
Stability of the colored product
Constant absorbance values were obtained 30 min after adding sodium carbonate to a ninhydrin-cyanide mixture, and remained stable for 2 h. However after 30 min, when sodium hydroxide was added to the deep-red colored solution, a deepblue color developed instantaneously with increased intensity, and remained stable for 30 min, after which there was a gradual fading of color. A temperature of up to 40˚C gave the most useful result. At high temperature (>40˚C), the absorbance value decreased, indicating the dissociation of the colored product upon prolonged heating.
Interference studies
To assess the validity of the proposed method, the effects of foreign species commonly found with cyanide were studied by adding known amounts of diverse ions to the standard cyanide solution. The tolerance limits given in Table 2 are the concentrations of foreign species that cause a ±2% error in the determination of 0.12 µg cm -3 of cyanide by this method. Interference of cadmium could be eliminated by the addition of 1 cm 3 of 5% EDTA. The results show that a large number of metals and nonmetallic ions do not interfere. However, copper and vanadium strongly interfere.
Application of the recommended method
In order to assess the validity of the proposed method, water samples were collected from different sources of electroplating industries. The water samples were analyzed by the proposed and reported method; the results of the analysis are in good agreement with each other. A recovery study of cyanide with spiked samples of laboratory tap water has been reported. The recovery of cyanide was checked by adding various amounts of known cyanide to a fixed volume of tap-water sample. The recoveries were between 96.8 and 100%. The results are given in Table 3 .
Conclusion
The proposed method offers a simple and accurate procedure for the determination of cyanide using ninhydrin as an inexpensive and single new reagent. The method is sensitive, relatively free from interference by various diverse species and it does not require heating or extraction. The results of the proposed method compared with the reported method are given in Table 4 . Preconcentration of HCN by using AsH3 generator to avoid many interference Carcinogenic Present method Table 4 Comparison of methods reported for the determination of cyanide λ
